Background: Therapeutic hypothermia (TH) is a standard strategy to reduce brain damage in post-cardiac arrest syndrome (PCAS) patients. However, it is unknown whether the target temperature should be adjusted for PCAS patients in different states.
Background
The efficacy of therapeutic hypothermia (TH) in postcardiac arrest syndrome (PCAS) patients was demonstrated by two, randomised controlled studies [1, 2] . Current guidelines for resuscitation now recommend TH of 32-34°C for 12-24 h in PCAS patients. However, a recent randomised controlled trial, the target temperature management (TTM) study [3] , did not show any benefit of TH (33°C) for PCAS patients when comparing TH (33°C) and controlled normothermia (36°C). Therefore, there is still no clear evidence to show whether lower temperature treatment or antifever treatment should be considered for managing PCAS patients. Despite the limited clinical evidence, recent animal studies have shown beneficial effects of TH on neurological outcomes [4] [5] [6] . This raises the question of what causes the differences in the neurological outcomes between clinical and animal studies. Therefore, we hypothesised that there are some subgroups of patients in clinical settings who may show the greatest efficacy of lower target temperature TH.
The J-PULSE-Hypo study registry is a Japanese prospective cohort observational study of TH in PCAS patients. A total of 14 medical centres participated in this registry, which was originally conducted between January 2005 and 2009, and was then extended to March 2013 [7] . In the present study, we performed analyses of the J-PULSE-Hypo registry database to address our objective, which was to identify subgroups of patients who might be suitable candidates for lower target temperature TH.
Methods

Study design
The present study used the J-PULSE-Hypo registry database, a prospective cohort database of PCAS patients who received TH at 14 Japanese hospitals. Patients were registered between January 2005 and December 2012. The study was conducted in accordance with the ethical guidelines for epidemiological studies and was approved by the ethics committee of the National Cerebral and Cardiovascular Center. Ethical review boards at all 14 participating centres approved the study protocol.
Patients
Patients satisfying the following criteria were eligible for registration: (1) all patients who received TH at any of the 14 participating facilities with successful return of spontaneous circulation (ROSC) after out-of-hospital cardiac arrest; (2) patients aged ≥18 years; (3) stable hemodynamics after ROSC, including stabilisation by drugs or assisted circulation, such as intra-aortic balloon pumping or percutaneous cardiopulmonary support; (4) persistent coma (Japan coma scale score of 200 or 300, or Glasgow coma scale score of 3-5) after ROSC; and (5) presumed cardiac aetiology of cardiac arrest according to the Utstein guidelines [8] . Patients were excluded for the following reasons: pregnancy, aortic dissection, pulmonary embolism, drug addiction, and poor daily activity before the onset of cardiac arrest.
Treatment
TH was performed with sedation and analgesia according to the hospital's established procedures. In some cases, ice-cold intravenous fluid was administered over 30-60 min to initiate hypothermia. Hypothermia was initiated and/or maintained by (1) surface cooling with a cooling blanket (Blanketrol II; CSZ Medical, Cincinnati, OH, USA) or a cooling device with self-adhesive, hydrogel-coated pads (Arctic Sun; Medivance, Louisville, KY, USA), or by (2) blood cooling with an extracorporeal direct blood cooling device (KTEK-III, Kawasumi, Tokyo, Japan) or an endovascular cooling device (CoolGard 3000; Alsius, Irvine, CA, USA). Mild hypothermia (32-35°C) was maintained for 24-72 h. Rewarming was conducted slowly and gradually over at least 24-72 h. The hypothermia protocol was conducted according to each institution's protocols.
Study outcomes and statistical analysis
The patients were divided into two groups according to the target temperature as either <34°C (32.0-33.5°C; low temperature, Group L) or ≥34°C (34.0-35.0°C; moderate temperature, Group M).
The patient's neurological outcome was assessed using the Glasgow-Pittsburgh Cerebral Performance Category (CPC), which included the following five categories: CPC 1 (good recovery), CPC 2 (moderate disability), CPC 3 (severe disability), CPC 4 (vegetative state), and CPC 5 (death) [9] . In the present study, a favourable primary outcome was defined as CPC 1-2 on day 30.
About cooling method, the duration of time at the target temperature is the duration (h) of keeping the target temperature; rewarming time is the duration (days) with which rewarming starts to reach 36.0°C; Over-cooling is defined as less than 0.5°C from target temperature.
The proportion of patients with a favourable neurological outcome was compared between the two groups for all patients and for specified subgroups of patients using univariate and multivariate analyses with propensity score analysis. In the present study, age and resuscitation interval were eligible factors for the subgroup, which were thought of as global factors having influence for the outcome; 60 years old and 30 min were treated as cut-off values from the median of the previous cohort study [10] . The following subgroups of patients were analysed: age ≤60 vs. >60 years and resuscitation interval (interval from collapse to ROSC) of ≤30 vs. >30 min.
Univariate analyses were performed using the MannWhitney U test and Fisher's exact test as appropriate. Propensity score analysis was performed by taking into account age, sex (male), bystander cardiopulmonary resuscitation (CPR), cardiogenic cardiac arrest, and resuscitation interval using the inverse probability of the treatment-weighting (IPTW) method. All statistical analyses were considered significant at P < 0.05.
Statistical analyses were performed using SPSS software version 16.0 (IBM, Armonk, NY, USA) for all analyses, except for propensity score analysis, which was conducted using R software version 3.1.2 (GNU general public licence).
Results
The registry included 467 patients, but the target temperature was not stated for ten patients. The characteristics of the analysed patients are summarised in Table 1 . Age, target temperature, maintenance of the target temperature, and the rewarming process were significantly different between Groups L and M. Table 2 compares the proportions of patients with a favourable neurological outcome between Groups L and M for all patients and in each subgroup. The proportion of patients with a favourable outcome was significantly different between Groups L and M in the subgroup of patients with a resuscitation interval of ≤30 min (88 % (n = 24) vs. 64 % (n = 281) odds ratio (OR) 3.867 (1.126-13.286), P = 0.024) [OR; odds ratio (95 % confidence interval)]. Table 3 shows the characteristics of patients in Groups L and M in the subgroup of patients with a resuscitation interval of ≤30 min. The age in the background showed significant difference in this subgroup (50 vs. 62 years old). Table 4 shows the results of the propensity score analysis comparing the proportion of patients with a favourable neurological outcome between Groups L and M. This analyses shows that the proportion of patients with a favourable neurological outcome was significantly different between Groups L and M in the subgroup of patients with a resuscitation interval of ≤30 min (OR; 7.438 (1.769-31.272), P = 0.007). Table 5 compares the proportion of patients with a favourable neurological outcome in the subgroup of patients with a resuscitation interval of ≤30 min. As shown in this table, the proportion of patients was significantly different between Groups L and M for the overall subgroup and for patients with ventricular fibrillation/ ventricular tachycardia (VF/VT) (88 % (n = 24) vs. 64 % Table 6 shows the results of the propensity score analysis to compare the proportion of patients with a favourable neurological outcome between Groups L and M in a subgroup of patients with an interval of 30 min from collapse to ROSC and VF/VT. The difference in the proportion of patients with a favourable neurological outcome was statistically significant between Groups L and M in this subgroup of patients (OR; 19.43 (2.39-158.04), P = 0.006).
Discussion
In the present study, TH with a lower target temperature of 32.0-33.5°C (i.e. Group L) significantly improved the proportion of patients with favourable neurological outcomes in the subgroup of patients with a resuscitation interval of ≤30 min, as compared with TH with a higher target temperature of 34.0-35.0°C (i.e. Group M) ( Table 2 ). However, it must be acknowledged that with the background characteristics of Groups L and M, the age in the background showed significant difference in this subgroup (50 vs. 62 years old) (Table 3) . Therefore, propensity score analysis with the IPTW method was Values are presented as the n (%) CPC cerebral performance category, OR odds ratio, CI confidence interval Values are presented as the n (%) or median (interquartile range) CPR cardiopulmonary resuscitation, VF ventricular fibrillation, VT ventricular tachycardia, ROSC return of spontaneous circulation, CPC cerebral performance category applied, and confirmed the significant difference in the outcome between Groups L and M in this subgroup of patients (Table 4) . We also found a significant difference in the VF/VT ratio between Group L and M (88 % vs. 67 %) in patients with a resuscitation interval of ≤30 min. Therefore, to confirm that the effectiveness of lower target temperature TH was independent of the VF/VT ratio, we compared the outcomes between VF/VT and non-VF/VT cases, because VF/VT cases tend to have better outcomes than non-VF/VT cases [10] . In VF/VT cases, we found that the lower target temperature TH conferred better neurological outcomes, but there was no difference between the two groups of patients in non-VF/VT cases (Tables 5 and 6 ).
The TTM study included two groups of patients with target temperatures of 33 and 36°C. The characteristics of both groups were similar in terms of their mean age (33 vs. 36°C; 64 vs. 64 years old, respectively), proportion of males (83 vs. 79 %, respectively), proportion of patients receiving bystander CPR (73 vs. 73 %, respectively), proportion of patients with VF/VT (73 vs. 73 %, respectively), and mean interval from collapse to ROSC (25 vs. 25 min, respectively) [3] . Comparing the TTM study and our study, it is apparent that our study population was younger, and bystander CPR was less frequent, but the resuscitation interval was similar.
There were some differences between our study and the TTM study, including shorter time to reach the target temperature (our study vs. TTM study; 180 vs. about 480 min), longer time at the target temperature (34 vs. about 20 h), and longer rewarming period (3 days vs. 9 h). Several animal studies have demonstrated potential beneficial outcomes of rapid cooling [11] [12] [13] ; prolonged TH may reduce secondary brain damage [14] ; and slow rewarming may attenuate traumatic brain injury [15] [16] [17] [18] . Therefore, it seems that these TH methods improved the neurological outcomes of PCAS patients.
Therefore, there might be a possibility that the fundamental cooling method (prolonged TH and long rewarming period) had an advantage for outcome. Actually, the favourable outcome of the present study (Group L; 64 % and Group M; 55 %) could be superior to the outcome of TTM study (33°C group; 46 % and 36°C group; 48 %). This topic should be discussed in a further study.
Based on the results of animal studies, it is thought that lower target temperature TH could improve the neurological outcomes compared with higher target Table 4 Comparison of the proportion of patients with a favourable neurological outcome between the two target temperature groups using propensity score analysis with the inverse probability of the treatment-weighting method In the present study, we found that patients with a resuscitation interval of ≤30 min had better outcomes following lower target temperature TH, and this shorter resuscitation interval might mimic the design of animal studies. Irrespective of the reason, it seems that lower target temperature TH might be advantageous in patients with a shorter resuscitation interval. Extracorporeal cooling is currently applied in the clinical setting, and it is vital that the target temperature is reached within 20 min after starting cooling [19] . A recent clinical study showed that a combination of TH with rapid cooling and a cardiopulmonary support device improved the neurological outcomes compared with conventional methods, when performed about 60 min after VF/VT cardiac arrest. [20] However, it is not clear whether rapid cooling and/or the support device contributed to the improved outcomes. It is possible that quicker cooling could improve the outcome and expand the induction period of TH. In the present study, in which induction cooling was achieved within 180 min, a significant difference between the two target temperatures was only noted for patients with a resuscitation interval of ≤30 min.
This study has some limitations to mention. First, we performed subgroup analyses of an observational study. Therefore, the results should be confirmed in future studies. Second, several cooling methods were used, but any advantages of the cooling methods could not be shown in this study. Third, the effects of the cooling protocol were not analysed in sufficient detail because of differences in the maintenance and rewarming processes between the two groups of patients. Fourth, neurological outcome was assessed on day 30, which might not be enough observation periods.
Conclusions
Although lower target temperature TH for PCAS patients has not been established, including indications, methods, and procedures, the present results might indicate that lower target temperature TH could be candidate for patients with a resuscitation interval of ≤30 min. We conclude that these results warrant further studies examining the effects of lower target temperature TH in PCAS patients. 
